Introduction With growing sophistication of eHealth platforms, medical information is increasingly shared across patients, health care providers, institutions and across borders. This implies more stringent demands on the quality of data entry at the point-of-care. Non-native English-speaking general practitioners (GPs) experience difficulties in interacting with international classification systems and nomenclatures to facilitate the secondary use of their data and to ensure semantic interoperability. Aim To identify words and phrases pertaining to the heart failure domain and to explore the difficulties in mapping to corresponding concepts in ICPC-2, ICD-10, SNOMED-CT and UMLS. Methods The medical concepts in a Belgian guideline for GPs in its French version were extracted manually and coded first in ICPC-2, then ICD-10 by a physician, an expert in classification systems. In addition, mappings were sought with SNOMED-CT and UMLS concepts, using the UMLS SNOMED-CT browser. Results We identified 143 words and phrases, of which 128 referred to a single concept (1-to-1 mapping), while 15 referred to two or more concepts (1-to-n mapping to ICPC rubrics or to the other nomenclatures). In the guideline, words or phrases were often too general for specific mapping to a code or term. Marked discrepancy between semantic tags and types was found. Conclusion This article shows the variability of the various international classifications and nomenclatures, the need for structured guidelines with more attention to precise wording and the need for classification expertise embedded in sophisticated terminological resources. End users need support to perform their clinical work in their own language, while still assuring standardised and semantic interoperable medical registration. Collaboration between computational linguists, knowledge engineers, health informaticians and domain experts is needed.
INTRODUCTION
Speakers of different languages have different ways in representing the world; such differences lie not only in terms, but also in the concepts themselves. 1 The medical language is no exception. The translation of English medical terminological resources to other languages could be difficult.
The general practitioner (GP) is an important node of the information flow in health care. He is at the crossing point between patient and health care worlds and is also a focal point in the life cycle of clinical information. The family doctor has to manage lay terms as well as professional terms in the native language of the patient. 2 Moreover, as patients are considering the Internet and social networking as information sources 3 for health care, mappings to multilingual lay terms are inescapable. 4 For GPs, guidelines offer coherent, comprehensive and consensual recommendations which at least, if designed rigorously, minimise the potential harms to patients. 5 In this article, we report the terminological analysis of a guideline for GPs in Belgium (a West European bilingual country), produced in 2012, according to explicit guideline development methods. 6 The topic of the guideline was 'heart failure', a prevalent chronic disease. The guideline was published in French and Dutch, with identical structure, content and text size. The analysis of the words and phrases used in this guideline provided the material for the MERITERM consortium (meriterm.org), a multidisciplinary research group who has proposed a hybrid methodology for the creation of a multilingual reference terminology for the primary care domain in Europe, by combining the application of the International Standards Organisation's (ISO's) standards for multilingual terminologies and the use of Semantic Web technologies for connecting this resource to linguistic resources as well as to medical nomenclatures, classifications and thesauri. 7, 8 The long-term objective is to build an end-user terminology that supports not only coding activities for medical registration, but also for information retrieval, quality assurance and creation of information through epidemiological research 9 considering multilingualism and semantic interoperability. 10 Ontologies and semantic integration technologies are seen as tools to manage knowledge in health care, but require further research and development as well as experimental work. 11 Ontology development should be preceded by thorough descriptive terminological analysis of the reallife language of the persons who will ultimately use the ontology. 12 By analysing the terminological content of a clinical guideline and making an attempt to link the extracted words and phrases to a broad range of relevant nomenclatures and classifications, we provide a glimpse of the complexity of language, machine terminology, medical semantics and ontologies.
The aim of this article was to explore the semantic difficulties in mapping French terms from a general practice guideline on heart failure to relevant concepts in English-based international nomenclatures and classifications.
Our research question was: what are the barriers to the process of mapping clinical terms in clinical guidelines in a language other than English (i.e. French) to concepts available in English language classifications and nomenclatures?
Method
The identification of the clinical terms relevant for patient care within the text of the heart failure guideline was carried out manually by a French-speaking family doctor with expertise in medical classification and terminology.
The selected words were then classified according to an ad hoc grid (disease, function, objective finding, process general, risk, symptom and therapeutics process). Words and phrases related to 'objective findings' and 'therapeutic process' were excluded to remove technical names of medical procedures and medications. Acronyms and names of clinical scales and their domain values were also excluded, as these were taken from standardised terminologies from the beginning. Included French words and phrases were entered into a database (a multilingual reference terminology) and considered as preferred term of a concept, with an informal definition, to indicate the intended sense, in case of polysemy (words having more than one sense). This was necessary to assure correct mapping to concepts in international classifications, but also to further identify the correct preferred terms in other languages 13 and in the Dutch version of the guideline.
Here, report mapping of the selected concepts pertaining to French words and phrases, on the one hand, and concepts in international nomenclatures and classifications on the other hand. After three revisions, all the results were arranged in a database showing the mapping between the terms in French and the concepts in the four international classifications and nomenclatures (e.g. Box 1).
The first step was to semantically map the selected terms to ICPC-2, 14 a classification specific to general practice and primary care. In a second step, the identified ICPC-2 codes were mapped to ICD-10, 15 the main classification for encoding diseases in secondary care. For each mapped concept in ICPC-2 and ICD-10, we retrieved the term and its code. Furthermore, mappings to SNOMED-CT, 16 the nomenclature and reference terminology for coding in electronic health records, and to UMLS, 17 the main terminology used for indexing knowledge in medicine, were sought. For SNOMED-CT, we retrieved the corresponding concept, the code and the fully specified name, including the 'semantic tag'. 18 For UMLS, we retrieved the corresponding term, the code, the 'semantic type, and the definition (if available). 19 For SNOMED-CT, it was not possible to retrieve a definition, as a formal definition of concepts is not provided in SNOMED-CT.
We used specific online browsers for each of the four classifications and nomenclatures described above to extract the mappings (see Box 2) .
Codes and semantic values of the different terms and their meanings were then subjected to a comprehensive critical study. 20, 21 Box 1 Column labels and row content of the database with as example: the term cardiac insufficiency and its correspondences in ICPC-2, ICD-10, SNOMED-CT and UMLS
Column label (short)
Column label (long) Row content 
Results
In total, 283 words and phrases were selected from the French version of the Belgian guideline. Eight entries were excluded because they were acronyms (e.g. 'AIT Attaque Ischémique Transitoire' [TIA for transient ischaemic attack]) or names and domain values of clinical scales (e.g. New York Heart Classification with four domain values). We excluded 132 words and phrases pertaining to objective findings and therapeutic process. We retained 143 words and phrases. Out of these 143 words and phrases, 128 referred to a single concept (1-to-1 mapping); an additional 15 words and phrases were so general that eight of them needed to be represented by two more specific concepts and six by three concepts, to be able to make a bridge to ICPC or other nomenclatures in a 1-n mapping. The final reference terminology database had 160 lines. (The file is available on http://meriterm.org/K77.xlsx.)
Another eight of the 128 selected terms were so general and unspecific that it was not possible to find any correspondence in the ICPC-2 classification, while for an additional eight terms only a partial correspondence with ICPC-2 was found at the level of the chapter. For these very generic terms, equivalents could be found in the SNOMED-CT and UMLS, but with discrepancies in the choice of semantic tags or types (Table 1) .
In addition, five of the 15 terms which could not be represented with a single concept pertained to general but related cardiovascular concepts (slightly different in the label, but without consistent difference in meaning): cardiomyopathy, coronaropathy, coronary ischaemia, myocardial ischaemia and coronary heart disease ( Table 2) .
Six general concepts needed to be split over two distinct or more concepts in ICPC, based on insulin dependent/non-insulin dependent; acute/chronic or male/female distinctions (Table 3) .
Box 2 Four classifications and terminologies browsers available online
• ICPC-2e (en) v4.2beta browser accessible through the Web page of the World Health Organisation (WHO) collaborating centre for the Family of International Classifications in the Netherlands. http://icpc.who-fic.nl/browser.aspx (web site of the WICC ICPC update group), which allows also to find the correct transcoding code to ICD-10.
• • Metathesaurus browser of the UMLS terminology services, a service of the U.S. National Library of Medicine | National Institutes of Health https://uts.nlm.nih.gov///metathesaurus.html allowing to find the correspondence between the SNOMED-CT concept and the CUI of UMLS (linked to the SNOMED-CT browser). Table 1 Liver diseases (disease or syndrome)
Maladie de coeur
Heart disease K I51.9
Heart disease, unspecified Heart disease (disorder) Heart disease (disease or syndrome) Trouble du rythme cardiaque Heart rhythm disorders K84 Heart disease other
Maladies vasculaires périphériques

I45.9 Conduction disorder and unspecified
Conduction disorder of the heart (disorder)
Conduction disorder of the heart (disease or syndrome) -Cardiac arrhythmia (pathologic function) As shown in Tables 1-4 , eight terms could not be mapped to ICPC-2, 24 to ICD-10, 1 to UMLS and 2 to SNOMED-CT, and only one term, 'drug induced ankle oedema', did not map to three classifications/nomenclatures (UMLS, SNOMED-CT and ICD-10).
While looking for semantic mappings, we noticed that heterogeneity is the rule. Even if SNOMED-CT disorders (semantic tags) are often related to UMLS disease or syndrome (semantic type) and UMLS finding and sign, and symptoms recover more or less what is called symptoms in ICPC, no such semantic tag as symptom exists in SNOMED-CT.
We did observe several discrepancies in the semantic values of the two classifications and the two nomenclatures. T06 (loss of appetite) is a symptom in ICPC-2 as well as in ICD-10 (classified in Chapter R), a finding in SNOMED-CT and a disease or syndrome in UMLS (as indicated by the specific browser). The absolute distribution of the retrieved semantic meanings seems to correspond roughly at first glance: we found 80 UMLS diseases or syndrome, 96 SNOMED-CT disorders, 89 ICD10 disease and 76 ICPC-2 diagnoses (Table 5) .
However, 41 entries pertaining to ICPC-2 symptoms have corresponding entries in SNOMED-CT (except one) as: 27 findings, 11 disorders and two observable entities. The same ICPC-2 entries are distributed in eight different semantic types in UMLS: 22 sign and symptoms, seven findings and five others (Figure 1) .
Hence, observed barriers to mapping French words and phrases were problems of polysemy, homonymy and the use of overly general concepts (hypernimy) which could either not be represented or needed to be related to several more specific concepts (hyponymy) in the different classifications and nomenclatures. In addition, we observed differences in semantic tags and types between the different systems, illustrating differences in world of reference.
This expert-driven review of the meaning of words and phrases from a single guideline in a specific field of general practice, and the mapping of these French words and phrases to concepts in international classifications and nomenclatures proved to be a labour-intensive process.
DISCUSSION
By examining the terminological content of a French guideline for GPs about heart failure, we were able to identify 128 words and phrases that could be related to a single concept, with a 1-to-1 mapping to international classifications, and 15 that needed to be related to two or more concepts, to be able to map (1-to-n mapping). In total, 160 concepts were mapped to (1) two international medical classifications (ICPC-2 and ICD-10) and (2) two international nomenclatures SNOMED-CT (for medical registration) and UMLS (for indexing and information retrieval).
A barrier observed was the very low specificity of words and phrases used in the narrative version of the guideline. A first step was to choose the intended implicit sense of each observed word and phrase for mapping to the international classifications. Often several quasi-synonyms were used for very general concepts that needed to be represented in the classifications or nomenclatures by more specific concepts.
In this article, we attempted the mapping to classifications for all observed terms, but it is clear that authors of guidelines will have to make choices in the fuzzy vocabularies and carefully select well-defined concepts at the right level of abstraction and also select the most accurate representation of the concept by a preferred term in their own language. In further terminological work, additional meanings of selected terms in the given language and synonyms for the concept should be dealt with in linguistic resources capable of dealing with the richness and fuzziness of natural language(s).
The attempt to map to several international classifications and nomenclatures was supported using the ICPC classification from general practice as a grid for access to the more granular ICD classification, and ultimately to the two much more specific nomenclatures. The use of the SNOMED-CT to UMLS mapping was useful to retrieve international definitions of concepts (not available in SNOMED-CT). For a number of concepts, this approach was not working, and ICPC (and even ICD) needed to be bypassed.
A limitation of this article was that the extraction of words and phrases, the choice of intended sense and the mapping 
to international concepts was only performed by a single researcher, albeit physician and expert in terminology. The process included an element of translation, which is always a shift, not only between two languages but between two cultures. 22 The chosen terms and proposed mappings reflect the bias, background, errors, omissions and misinterpretations of the coder. Validation by a consensus process, including medical translators, is needed. Consultations between representatives of multiple languages will be necessary to decide on the ultimate selection of a collection of reference concepts, suitable for a feasible mapping to international classifications and nomenclatures. We observed important differences between the four international terminology systems. Classifications and nomenclatures are built for different purposes, and not based on the same world of reference. UMLS Semantic types 23, 24 or SNOMED-CT Semantic tags 25 are different constructs. SNOMED-CT represents the views of the pathologists in a world where symptoms are non-existing and where there is only a place for disorder, finding, observable entities, morphology or structure. SNOMED-CT shares also with UMLS authors a pre-Canguilheim 26 view about the normal and the pathological by referring to the concept of abnormality. ICPC-2 reflects the point of view of family doctors who are close to their patients. 27 ICD-10 is disease-centred and an extension of a historical mortality classification, although augmented by several symptoms and procedures. Classifications and terminologies are not neutral; they reflect the world view of the human classifier. Bowker 28 summed the subjective nature as 'to classify is human'. Nevertheless, despite the difficulty of reconciling these apparently so different worlds, we must focus on our common interest, the safe and effective care of the human person. 29 Guidelines in narrative form are difficult to implement in EHRs. In the last 20 years, major steps have been made in methods to formalise guidelines into computer usable information, often in the field of heart diseases. 30-31 This formalisation requires the use of standardised clinical vocabularies and terminologies. 32 Efforts are needed from physicians to understand the necessity to use a common standardised terminology when producing guidelines and performing medical registration. However, physicians in clinical practice also need to be helped by sophisticated linguistic and expert-based mapping support to several classifications and nomenclatures. This will require close cooperation between clinicians, knowledge engineers, computational linguists and health informaticians.
